Potentiodynamic behaviour of tin electrode in citric, oxalic, maleic and malic acids was studied at room temperature. The various electrochemical parameters were calculated. In addition, the metallographic structure of tin surface electrode was examined for some solutions using scanning electron microscope (SEM). The anodic E/I curves were characterized by active -passive transition state. The anodic active region was due to the formation of soluble Sn(II) species. The passivity of tin anode was related to the hydrolysis of Sn(IV) and precipitation of Sn(OH)4 film on the anode surface. The addition of different percentages of sucrose to (1 M) of all organic acids used inhibited the anodic dissolution of tin electrode and enhanced the attainment of passivity. While the addition of sodium chloride accelerated the corrosion of tin and delayed the establishment of passivation. In citric, maleic and malic acids, inhibition was of mixed type and occurred by adsorption of SnL complex molecules following the Temkin isotherm. In case of oxalic acid the inhibition was found to be predominantly anodic occurring by adsorption of SnL2 complex and following the Langmuir isotherm.…
Introduction
The electrochemical behaviour of tin is of interest due to its widespread technology applications. A relatively large amount of work has focused on the electrochemical behaviour of the metal in the presence of organic acids. These acids are naturally present in canned food and therefore they participate directly in the electrochemical corrosion and/or passivation of the metal (1) . The resistance of tinned plate towards corrosion is related to the interrelationship of the characteristics of can and the product packed therein (2) . Therefore, the corrosion behaviour of tin in the presence of fruit acids had attracted much attention (3, 4) .
Corrosion behaviour of organic acid solutions is studied in oxalic, citric and tartaric acids in the pH range 2-6 and illustrated that, increasing the concentration caused increasing the rate of corrosion (5) . The polarization curves exhibited two anodic peaks. The height of peak increased with increasing solution pH and temperature (6) .
Using electron microscope technique in addition to the potentiodynamic method, the film growing process in 0.5 M citric acid solution followed a dissolution precipitation mechanism (7) . The E/I curves of citric and maleic acids exhibited an active/ passive transition (8, 9) . In citrate buffer solutions, primary passivation is due to the formation of Sn(II)-containing surface film. During secondary passivation direct oxidation of Sn to Sn(IV) takes place, either as soluble ions or as a hydroxide layer (10) . In maleic acid solutions, the dissolution process is controlled partly by diffusion of the solution species. The passivity is due to the presence of thin film of SnO2 on the anode surface formed by dehydration of precipitated Sn(OH)4 (9) . In tartaric acid solutions, passivation is due to formation of Sn(OH)4 and/or SnO2 film on the anode surface (11) .
In a synthetic medium similar to industrial water, the increasing of temperature in the range of 20-70°C accelerates the corrosion process (12) . While addition of oxo-anions leads to retard a breakdown of passivation and the inhibition of pitting process of tin (13) . The growth of an inert phase at the interface, the deposition of a surface organic layer or the eventual modification of the surface electronic properties may give rise to surface passivation (14) .
The object of the present work is the study of the anodic behaviour of tin electrode in carboxylic acids such as: oxalic, citric, maleic and malic acids solutions by potentiodynamic method. Moreover, investigating the effect of presence of some selected compounds as inhibitors.
Experiment
The material used in the present study was spectroscopically pure tin rod electrode (99.999 % pure) with a surface area of 2 cm 2 . Prior to each experiment, the surface was prepared by polishing with different grades emery papers, then diamond paste (1µm), washing by distilled water, drying and quickly inserting in the electrochemical cell. The counter electrode was a platinum sheet, and the reference electrode was a compact saturated calomel electrode. The
Anodic and cathodic potentiodynamic polarization scans were performed with electronic potentioscan (Volt Lab PGZ 301 Dynamic EIS Voltammetry). All measurements were performed in freshly prepared solutions at room temperature. The anodic E/I curves for all solutions were swept from -1.5 to +1.5 V at scan rate of 20 mV/s.
Morphology of tin electrode surface is studied using scanning electron microscope (SEM), JOEL, JSM-T 20, Japan.
Results And Discussion

Behaviour of tin electrode in different concentrations of organic acids solutions
The E/I profile of citric acid exhibits an active-passive behaviour for all concentrations. The active dissolution region involves anodic peak (except at 2M) followed by passive region which extends up to 1.5 V with no sign for oxygen evolution (Figure 1 ).
It is observed from the curves that an increase in acid concentration increases icorr of the anodic peak, indicating that the citrate ions accelerated the dissolution of tin. This effect can be due to the adsorption of citrate ions (L 2-) on the electrode surface and to the formation of soluble complex species (SnL) (3, 15, 16) . Also an increase of the citric acid concentration shifts its peak potential (Ecorr.) to more positive values. Maleic acid behaves similarly but the passive region is extended up to 1.5 V with almost constant current density.
The anodic active dissolution in maleic acid is due to formation of soluble Sn Dehydration of Sn(OH)4 layer resulted in the formation of more stable SnO2 film.
For this dehydration reaction ΔG is -42 KJ mol.
-1 (18) . Therefore, the formation of SnO2 species is thermodynamically favoured. When the surface is covered with SnO2 film, the current density falls to ipass value. Therefore, one can conclude that passivity is due to the formation of SnO2 film on tin electrode surface. In a solution containing a dibasic acid as maleic acid which represented by H2L, there are three possible ligands: H2L, HL -and L 2-, and the complex could contain many contributions of these ligands (18) .
Figure (1): Potentiodynamic polarization curves of tin electrode in different concentrations of citric acid solutions
Oxalic acid behaves similarly but with a sharp peak which at low concentrations disappeared ( Figure 2 ). The passivation in oxalic acid is found to occur via monolayer chemisorptions of the SnL2 (15) complex anions at anodic sites, conforming approximately to the Langmuir isotherm (19) .
In malic acid, there is one anodic peak at 0.5 M while in other concentrations the peak completely disappeared and no passivation of tin electrode is observed. Potential, V Adsorption isotherms for the SnL complexes in tartaric, malic and citric acids follow that of Temkin, which characterizes the chemisorption of uncharged substances on heterogeneous surfaces (19) .
Values of corrosion rate in millimeter per year (mm/y) are calculated from icorr values as shown below (20) . Corrosion rate = ΔE /Δi ≈ RP = Ba. Bc /2.3 icorr.(Ba+ Bc) Where:
ΔE/Δi = the slope of the linear region, equal the polarization resistance RP. ΔE and Δi are expressed in (V) and (mA / cm 2 ) respectively. icorr = Corrosion current (mA /cm 2 ). Ba and Bc = anodic and cathodic Tafel constants, respectively (in mV/decade).
The electrochemical parameters are tabulated in Table (1) . The results revealed that, the corrosion current icorr and corrosion rate increased as the concentration increased for all acids studied. Corrosion potential became more positive by increasing the acid concentration except for oxalic acid. This behaviour may be attributed to the formation of tin complexes with the organic acid anions acting as ligands, which in turn reduces the tin activity in solution and results in a change in the corrosion potential in the active direction followed by an increase in the corrosion rate (5) .
Morphology of tin electrode surface in 1 M citric and oxalic acids solutions is studied using scanning electron microscope. The specimen revealed a highly etched surface with some scattered pits. In oxalic acid, the formed passive layer is adherent, while in citric acid the passive layer is spongy (Figures 3, 4) .
Effect of inorganic additive, NaCl
Addition of Cl¯ ions to citric acid made the curves clearly different where there are no anodic peak occurred ( Figure 5 ). Maleic and malic acids behaved similarly as citric acid.
In oxalic acid there are two anodic peaks in presence of Cl¯ ions. The charge transfer reaction occurs in the first active dissolution peak resulting in the formation of tin ions. The charge is used to produce the following soluble species:
Sn + OH¯  SnOH + + 2e-Sn + organic anion  tin organic anion complex + 2e -However, when the concentration of the complex SnOH + exceeds the solubility product of Sn(OH)2, the latter precipitates on the electrode surface:
Thus icorr drops suggesting the onset of primary passivation at potential comparable with the equilibrium potential of the system Sn/Sn(OH)2. During the potential sweep to positive direction and in the presence of Cl¯ ions, Sn(OH)2 starts to dissolve. Subsequently, current density increases again up to the second peak. The recorded results of the electrochemical parameters show that, the corrosion of tin electrode in 1 M test solutions increased with increasing concentration of NaCl. This indicated that Cl¯ ions accelerate the active dissolution of tin electrode and tend to breakdown the passive layer. The oscillations observed in Figure (6) can be attributed to the competition between the anodic formation and chemical dissolution of the oxide film on the electrode surface.
The highest values of corrosion rate are observed for maleic acid while the lowest ones are recorded for malic acid ( Table 2) .
Effect of organic additive, sucrose
The inhibitor efficiency (I.E.) is calculated from the polarization method using the following equation (21) :
I.E. % = (C.R.) uninh. -(C.R.) inh / (C.R.) uninh. X 100
Where: (C.R.) inh and (C.R.) uninh are the corrosion rate with and without inhibitor, respectively. Addition of sucrose strongly inhibits the active dissolution of tin electrode in malic acid since it had the highest inhibition efficiency value (I.E. = 99.2 % at 25 % sucrose in 1 M malic acid). The lowest values are observed for maleic acid (Table 3 ). The inhibition efficiency increased by increasing the sucrose percentage, while the corrosion rate decreased for all organic acids solutions. This indicated that the presence of sucrose inhibits the anodic dissolution of tin electrode. The inhibitive effect might be due to the adsorption of ions on the metal surface.
The effect of 25 % of sucrose on the morphology of tin electrode surface in (1M) citric and oxalic acids is studied by SEM. It is clear from Figures (7 and 8) that sucrose is adsorbed on the surface of tin electrode forming a good protective film present on the tin surface. This confirms the highest inhibition efficiency of sucrose. As a result, sucrose can be used as inhibitor for organic acids to reduce the aggressiveness of these acids and also as additive to improve the surface conditions of the tin electrode. Figure (9) shows that, the addition of low concentrations of trisodium citrate anions to 1 M citric acid strongly inhibits the active dissolution of tin electrode since the peak current -density decreases and its corresponding peak potential shifts to more negative direction with adding further amounts of citrate.
On the other hand, by the addition of higher concentrations of citrate anions (1-2 M), two anodic peaks are established. Thus citrate can cause partial dissolution of the oxide film that formed when tin surface is exposed to air (4, 22) .
In oxalic acid, the decrease in corrosion rate as well as icorr by increasing the amount of potassium oxalate was associated with an increase in the positive shift of corrosion potential (Figure 10 ). This behaviour denotes inhibition of the mixed type and suggests a predominant anodic effect. As clear from Table (4), inhibition efficiency (I.E.%) increased with the increasing of additive salt concentration studied.
Conclusion
The anodic behavior of tin in some carboxylic acid solutions (citric, oxalic, maleic and malic) were examined by potentiodynamic polarization technique. The inhibition of tin in oxalic acid was found to be predominantly anodic and occurred via monolayer chemisorption of the SnL2 complex anion at anodic sites, confirming approximately with the Langmuir isotherm. While the inhibition in other three acids was found to be of the mixed type and occur via chemisorption of the SnL complex at both anodic and cathodic sites following the Temkin isotherm. The corrosion rate of tin electrode increased as the concentration of all organic acids studied increased.
Cl¯ ions accelerate the active dissolution and tend to break down the passive layer. While sucrose can be used as inhibitor for organic acids studied and also as additive to improve the surface conditions of the tin electrode.
Inhibition efficiency of citric and oxalic acids increased with increasing of citrate and oxalate concentrations studied.
